ABSTRACT We investigated the effects of fiber inclusion in the diet on growth performance and digestive traits in pullets from hatching to 17 wk of age. The control diets of the 3 feeding periods (0 to 5 wk, 5 to 10 wk, and 10 to 17 wk) were based on corn and soybean meal and did not include any additional fiber source. The experimental diets included 2 or 4% of cereal straw or sugar beet pulp (SBP) at the expense (wt:wt) of the control diet. From 0 to 5 wk of age, fiber inclusion did not affect pullet performance. From hatch to 17 wk of age, the inclusion of straw had little effect on pullet performance but the inclusion of 4% SBP reduced (ADG) (P < 0.05) and reduced feed conversion ratio (FCR; P < 0.001). Pullets fed straw had greater ADG (P < 0.05) and better energy conversion ratio (P < 0.01) than pullets fed SBP. An increase in fiber from 2 to 4% reduced FCR (P < 0.05). Body weight uniformity was not affected by diet. Fiber inclusion increased the relative weight (% BW) of the gizzard at 5 wk (P = 0.056) and 10 wk (P < 0.01) of age, but no differences were detected between fiber sources. At same ages, the relative length (cm/kg BW) of the pullets (P = 0.058 and P < 0.01, respectively) and tarsus (P = 0.079 and P < 0.05, respectively) was higher in pullets fed SBP than in pullets fed straw. Fiber inclusion, however, did not affect any of these traits at 17 wk of age. In summary, the inclusion of 2% straw at the expense (wt:wt) of the whole diet did not affect pullet performance at 17 wk of age. An increase in the level of straw from 2 to 4% reduced FCR but did not affect ADG. The inclusion of SBP, however, reduced pullet growth, with effects being more pronounced at the higher level.
INTRODUCTION
Traditionally, the inclusion of fiber in poultry diets was limited because of the poor adaptation of the gastrointestinal tract of young birds to fibrous ingredients (Sell 1996; Uni et al., 1999) , which affects feed intake, nutrient digestibility, and growth (Janssen and Carré, 1985; Sklan et al., 2003) . Recent research, however, has shown that the inclusion in the diet of moderate amounts of certain insoluble fiber sources might improve gastrointestinal function and maximize growth performance in broilers (Jiménez-Moreno et al., 2009a; Svihus, 2011; Incharoen, 2013) and pullets (Guzmán et al., 2015) during the first stage of life. Numerous ingredients, including oat hulls (OH), sunflower hulls (SFH), pea hulls, rice hulls, soy hulls, and sugar beet pulp (SBP), have been tested as a source of additional fiber in poultry diets Kalmendal et al., 2011; Jiménez-Moreno et al., 2011 , 2013a . Straw is an insoluble fiber source of uniform quality, but the information available on its use as a dietary component in poultry diets is scarce. In fact, no research is available on the effects of straw on growth performance and gastrointestinal tract development of pullets from hatching to 17 wk of age. On the other hand, SBP, a soluble fiber source, has been largely studied as a source of dietary fiber in broilers (Pettersson and Razdan, 1993; Jiménez-Moreno et al., 2009b ) but little information is available in pullets. Most papers that compared the effects of fiber in broilers reported greater benefits with the inclusion of insoluble sources than with the inclusion of soluble sources Jiménez-Moreno et al., 2013a) . Insoluble fiber stimulates more the development of the upper part of the gastrointestinal tract (GIT) than soluble fiber (González-Alvarado et al., 2008) , which, in turn, improves the development and facilitates the adaptation of the digestive tract of the birds to consume more feed. However, no information is available comparing insoluble and soluble fiber sources in diets for pullets from hatch to 17 wk of age.
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The hypothesis of this research was that the inclusion in the diet of adequate amounts of an insoluble fiber source, but not of a soluble fiber source, could improve gastrointestinal tract function and pullet performance. The aim of this research was to evaluate the inclusion in the diet of 2 fiber sources varying in physicochemical characteristics at 2 levels-performance and gastrointestinal tract development-of brown-egg laying pullets from hatching to 17 wk of age.
MATERIALS AND METHODS

Husbandry
The experimental procedures used in this research were approved by the Animal Ethics Committee of Universidad Politécnica de Madrid and were in compliance with the Spanish guidelines for the care and use of animals in research (Boletín Oficial Estado, 2007) .
In total, 2,500 one-day-old (37.1 ± 1.31 g) Lohmann Brown Classic pullets were housed in an environmentally controlled barn and randomly allotted in groups of 50 to 50 cages (40 cm × 80 cm × 68 cm; Facco, Padova, Italy) provided with an open trough feeder and 2 low pressure nipple drinkers. The average BW of the pullets was similar for all cages. Because of the equipment and dimensions of the cages, only 22 pullets chosen at random formed the experimental unit after 3 wk of age. Pullets were beak-trimmed at the hatchery and kept on a 22 h/d light program for the first week of life. The light was decreased gradually until reaching 10 h/d at 10 wk, kept constant from 10 to 15 wk of age and then, increased gradually to 13 h/d to the end of the experiment. Barn temperature was maintained at 32 ± 1.5
• C for the first 3 d of life and reduced gradually until reaching 20
• C at 6 wk. From 6 to 17 wk, the temperature of the barn varied between 22 and 25
• C depending on weather conditions. Pullets were vaccinated against main diseases (Infectious Bronchitis Disease, Marek Disease, Infectious Bursal Disease, Newcastle Disease, and Salmonella spp.) and managed according to accepted commercial practices (Lohmann, 2013) .
Fiber Sources, Diets, and Experimental Design
Batches of straw and SBP were received as 9-mm pellets from a trader. The straw used was a mixture of 80% wheat and 20% barley straw, and was processed with 2% sodium hydroxide solution before pelleting. Both fiber sources were ground using a hammer mill fitted with a 4-mm screen before being included in the corresponding experimental diets. The chemical analyses and the physical characteristics of the 2 fiber sources are shown in Table 1 .
The feeding program consisted of 3 phases: starter (0 to 5 wk), grower (5 to 10 wk), and developer (10 to 3 Geometric mean diameter (μm). 4 GSD = Log normal SD. 5 Water holding capacity (mL/g DM).
6 Swelling capacity (mL/g DM). 7 pH of 10 g DM of the fiber source suspended in 200 mL double distilled water.
8 μEq of NaOH required to increase the pH of 10 g DM of the fiber source suspended in 200 mL double distilled water from the initial pH to pH 7 divided by pH change. The base-buffereing capacity of the straw could not be measured because the initial pH was above 7.00.
9 μEq of HCl required to decrease the pH of 10 g DM of the fiber source suspended in 200 mL double distilled water from pH 7 to pH 4 divided by pH change. 17 wk), and the control diets used were based on corn and soybean meal. For the manufacturing of these diets, the ingredients were ground with a hammer mill fitted with a 2-mm (starter period) or a 3-mm (grower and developer periods) screen. The remaining experimental diets resulted from the inclusion of 2 or 4% straw or SBP at the expense (wt:wt) of the whole control diets. Diets were mixed using a horizontal ribbon mixer (Mecafa S.A., Ciudad Real, Spain). All diets met or exceeded the nutritional requirements of pullets as recommended by the Fundación Española Desarrollo Nutrición Animal (2008), but the diets that included a fiber source had more crude fiber and slightly less AME n and CP than the control diets. All diets included a commercial enzyme complex with xylanase and β-glucanase activity (Roxazyme, DSM S.A., Madrid, Spain). In the formulation of the diets, it was accepted that the inclusion of the enzyme complex increased the AME n content of the wheat and barley grains by 2% (from 3,150 to 3,213 kcal/kg for wheat and from 2,800 to 2,856 kcal/kg for barley) but did not affect the energy content of the other ingredients (Fundación Española Desarrollo Nutrición Animal, 2010). Diets were offered for ad libitum consumption in mash form. The ingredient composition of the starter, grower, and developer diets is shown in Table 2 and the calculated and determined chemical analysis, as well as their particle size distribution, are shown in Tables 3, 4 , and 5, respectively.
The experimental design was completely randomized with 5 treatments that consisted in a control diet without any additional fiber source and 4 extra diets arranged as a 2 × 2 factorial with 2 fiber sources (straw and SBP) at 2 levels of inclusion (2 and 4%). Each treatment was replicated 10 times and the experimental unit was the cage for all measurements.
Growth Performance
Feed disappearance was recorded by cage and pullets were individually weighed at 5, 10, and 17 wk of age. Feed wastage was not measured. Any mortality was recorded and weighed as produced. From these data, (ADG), average daily feed intake (ADFI), and feed conversion ratio (FCR) were determined by feeding phase and cumulatively. In addition, energy intake (EI), expressed as kilocalories of AME n ingested per day, and energy conversion ratio (ECR), expressed as kilocalories of AME n required per gram of gain, were measured at same ages. Body weight uniformity was determined by replicate as indicated by Peak et al. (2000) . Briefly, the CV of the individual BW of the pullets of each cage replicate was generated and this variable was used as an indirect measurement of BW uniformity.
Gastrointestinal Tract Traits and Body Measurements
At 5, 10, and 17 wk of age, after the corresponding productive performance controls, 2 birds per replicate were randomly selected, weighed, and euthanized by CO 2 inhalation. The GIT, from the beginning of the proventriculus to the cloaca, including digesta content, liver, pancreas, and spleen, but not the crop and the esophagus, was removed aseptically and weighed. Then, the liver and the full proventriculus and gizzard, were excised and weighed and expressed relative (%) to live BW. The pH of the gizzard was measured in situ in duplicate at 10 wk of age using a digital pH meter fitted with a fine tip glass electrode (model 507, Crison Instruments S.A., Barcelona, Spain) as indicated by Jimenez-Moreno et al. (2009b) . The mean value of the 2 measurements was used for further statistical evaluation. The proventriculus and gizzard were emptied from any digesta, cleaned, dried with desiccant paper, and weighed again, and the fresh digesta content was calculated as the difference between the full and empty organ weights and expressed relative (%) to full organ weight. The length of the duodenum (from the gizzard to the pancreo-biliary ducts), jejunum (from the pancreo-biliary ducts to Meckel's diverticulum), ileum Table 3 . Chemical analyses (% as fed basis, unless otherwise indicated) and particle size distribution of the starter diets (0 to 5 wk of age). 1 The water holding capacity (± SD) and the swelling capacity (± SD) of the control diet, measured in triplicate, were 2.10 ± 0.172 mL/g DM and 2.80 ± 0.298 mL/g DM, respectively.
2 Sugar beet pulp. 3 According to Fundación Española Desarrollo Nutrición Animal (2010). 4 The percentage of particles bigger than 2,500 μm and smaller than 80 μm were negligible for all diets. 5 Geometric mean diameter. 6 GSD = Log normal SD.
(from Meckel's diverticulum to ileo-cecal junction), and the 2 ceca (from the ostium to the tip of the right and left ceca) was measured on a glass surface using a flexible tape with a precision of 1 mm. The length of the small intestine (SI) was determined by adding the length of the duodenum, jejunum, and ileum. Body length of the pullets, measured from the tip of the beak to the end of the longest phalanx, was also determined on extended birds. Finally, the length and diameter (in the middle point of the bone) of the tarsus were measured using a digital caliper. All length measurements were expressed in absolute (cm) and relative (cm/kg BW) terms.
Laboratory Analysis
Representative samples of the fiber sources and diets were ground in a laboratory mill (Retsch Model Z-I, Stuttgart, Germany) equipped with a 1-mm screen and analyzed for moisture by oven-drying (method 930.15), total ash by muffle furnace method (942.05), and nitrogen by Dumas (method 968.06) using a Leco analyzer (Model FP-528, Leco Corp., St. Joseph, MI) as indicated by AOAC International (2005). Gross energy was determined using an adiabatic bomb calorimeter (model 1356, Parr Instrument Company, Moline, IL). Neutral detergent fiber (NDF), acid detergent fiber, and acid detergent lignin were determined as described by Van Soest et al. (1991) and expressed on an ashfree basis. Also, the total dietary fiber (DF) and the insoluble fraction of DF of the fiber sources were analyzed (methods 985.29 and 991.43) as proposed by AOAC International (2005). The soluble fraction of DF was calculated by difference between total and insoluble DF. The water-holding capacity (WHC, mL/g DM), swelling capacity (SWC, mL/g DM), and buffer properties of the fiber sources were determined as indicated by Jiménez-Moreno et al. (2009b) . The particle size distribution and mean particle size of the fiber sources and diets, expressed as geometric mean diameter (GMD), were determined in 100-g samples using a shaker (Retsch, Stuttgart, Germany) provided with 8 sieves ranging in mesh from 5,000 to 40 μm, as described by the ASAE (1995) . All the analyses were conducted in duplicate, except for buffer properties and GMD determinations, which were conducted in triplicate. Table 4 . Chemical analyses (% as fed basis, unless otherwise indicated) and particle size distribution of the grower diets (5 to 10 wk of age). 
Statistical Analysis
Data were analyzed as a completely randomized design using the GLM procedure of SAS (SAS Institute, 1990) as reported by Beccaccia et al. (2015) . Briefly, main effects (fiber source and level of inclusion of fiber) and the interactions were studied for the 4 treatments arranged as a 2 × 2 factorial. In addition, the Dunnett test was used to compare data for all traits between pullets fed the control diet and pullets fed each of the other treatments. Differences were considered significant at P < 0.05 and tendencies at 0.10 < P < 0.05. Results in tables are presented as means.
RESULTS
The straw and the SBP contained by analyses 2.8 and 9.2% CP and 69.9 and 31.7% NDF, and had a GMD of 602 and 835 μm, respectively (Table 1 ). The NDF of the diets increased as the level of fiber increased (Tables 3 to 5 ). The GMD was similar for all the diets that included a fiber source and slightly lower than for that of the control diets in the starter, grower, and developer phases (average of 984, 869, and 954 for the fiber-containing diets vs. 1,080, 870, and 1,046 for the control diets, respectively).
Growth Performance
Mortality was 2.5% and not related to treatment (data not shown). Most of the mortality (96%) occurred during the first week of the experiment. No interactions between main effects (fiber source and level of fiber) were detected at any age. From hatch to 17 wk of age, the inclusion of 4% SBP at the expense of the whole diet, affected negatively FCR (P < 0.001) as well as ADG and EI (P < 0.05) (Table 6 ). Also, the inclusion of 4% straw, but not of 2% straw, reduced FCR (P < 0.01) and EI (P < 0.05). Straw inclusion, however, improved ADG (P < 0.05) and ECR (P < 0.01) as compared with SBP inclusion. An increase in the fiber content of the diet from 2 to 4% tended to reduce EI (P = 0.059) and reduced FCR (P < 0.05). Most of the negative effects of 4% SBP inclusion were observed during the last part of the rearing period. In fact, from 0 to 5 wk of age, none of the variables studied was affected by the inclusion of fiber in the diet. Moreover, ECR tended to improve with the inclusion of straw (P = 0.052) as compared with the inclusion of SBP. Table 5 . Chemical analyses (% as fed basis, unless otherwise indicated) and particle size distribution of the developer diets (10 to 17 wk of age). From 5 to 10 wk of age, ADFI was lower (P < 0.01) in pullets fed the control or the SBP diets than in pullets fed the 4% straw diets, with pullets fed 2% straw being intermediate. In this period, pullet growth responded with higher ADFI and ADG (P < 0.001) and EI (P < 0.01), and better ECR (P < 0.05) to the inclusion of straw as compared to the inclusion of SBP. In fact, pullets fed the 4% SBP diets showed lower ADG (P < 0.01), FCR (P < 0.01), and EI (P < 0.05) than pullets fed the control diet. Body weight uniformity was not affected by diet at any age (Table 7) .
Gastrointestinal Tract Traits and Body Measurements
No interactions between main effects were detected for any of the traits studied and therefore, only main effects are discussed. At 5 wk of age, the inclusion of fiber did not affect the relative weight of any of the organs of the GIT (Table 8) . However, in absolute terms the gizzard tended to be heavier in pullets fed straw than in pullets fed SBP (P = 0.056) (Table 9) . Moreover, an increase in fiber from 2% to 4% tended to increase the relative weight (5.22 vs. 5.56%; P = 0.056) of the gizzard. Also at this age, the relative length of the SI was higher in pullets fed SBP than in pullets fed straw (296 vs. 279 cm/kg BW; P = 0.051) but cecum length was not affected (Table 10 ). At 10 wk of age, pullets fed the control diet had lighter gizzards in relative and absolute terms (P < 0.01) than pullets fed the 4% straw diets. Pullets fed SBP had greater relative weight of the GIT (P < 0.01) than pullets fed straw. Also at this age, gizzard relative weight increased as the level of fiber increased (P < 0.01). Moreover, the relative length of the SI was higher (P < 0.05) in pullets fed SBP than in pullet fed straw but no differences were detected for the cecum.
At 5 and 10 wk of age, the relative length of the pullets (P = 0.058 and P < 0.05, respectively) and of the tarsus (P = 0.079 and P < 0.05, respectively) were higher with SBP than with straw. Dietary treatment, however, had little effect on GIT development at 17 wk of age. Opposite to data reported in relative terms, the absolute length was higher in pullets fed straw than in pullets fed SBP, with differences tending to be significant at 5 wk of age (P = 0.054) (data not shown). Table 6 . Influence of source (SOU) and level (LEV) of fiber in the diet on growth performance, energy intake 1 (EI, kcal AME n /d), and energy conversion ratio (ECR, kcal AME n /g ADG) of the pullets from hatching to 17 wk of age. 1 Energy intake calculated from the AME n of the diets presented in Tables 3 to 5. 2 Sugar beet pulp. 3 Standard deviation (n = 10 for each treatment and n = 20 for main effects). 4 The interaction between source and level of fiber inclusion was not significant (P > 0.10). 5 Feed conversion ratio. 6 Contrast of control vs. 4% straw (P = 0.089). 7 Contrast of control vs. 2% straw (P = 0.095) and control vs. 4% straw (P = 0.005). 8 Contrast of control vs. 4% SBP (P = 0.005). 9 Contrast of control vs. 4% SBP (P = 0.010). 10 Contrast of control vs. 4% straw (P = 0.087) and control vs. 4% SBP (P = 0.081). 11 Contrast of control vs. 2% straw (P = 0.035), control vs. 4% straw (P = 0.006), control vs. 2% SBP (P = 0.036), and control vs. 4% SBP (P = 0.012).
12 Contrast of control vs. 4% straw (P = 0.030). 13 Contrast of control vs. 4% SBP (P = 0.008) 14 Contrast of control vs. 4% straw (P = 0.004), control vs. 2% SBP (P = 0.025), and control vs. 4% SBP (P < 0.001). 15 Contrast of control vs. 4% straw (P = 0.010) and control vs. 4% SBP (P = 0.019). (Peak et al., 2000) . 2 Sugar beet pulp. 3 Standard deviation (n = 10 for each treatment and n = 20 for main effects). 4 The interaction between source and level of fiber inclusion was not significant (P > 0.10).
DISCUSSION
The CP and NDF contents of the straw were slightly lower than values reported by García et al. (1996) for barley straw and Gidenne (2003) for wheat straw. For the SBP, the analyzed values of CP and NDF were lower than those reported by González-Alvarado et al. (2010) and Jiménez-Moreno et al. (2013b) , although the differences were of little practical interest. The determined chemical analyses of the diets were similar to expected values, indicating that the diets were mixed correctly. Standard deviation (n = 10 for each treatment and n = 20 for main effects).
3 The interaction between source and level of fiber inclusion was not significant (P > 0.10). 4 Full gastrointestinal tract including liver, pancreas, and spleen but not the crop and the esophagus. 5 With contents. 6 Contrast of control vs. 4% straw (P = 0.039), and control vs. 4% SBP (P = 0.077). 7 Contrast of control vs. 4% straw (P = 0.091). 8 Contrast of control vs. 4% straw (P = 0.005) and control vs. 4% SBP (P = 0.029). 9 Contrast of control vs. 4% SBP (P = 0.083).
Growth Performance
Body weight at 17 wk of age is one of the most important factors affecting egg production and egg size at the initiation of the egg cycle (Summers et al., 1987) . Moreover, FCR from 0 to 17 wk of age is significantly correlated with pullet cost. For the entire experimental period, pullets fed the control diets showed 1.7 and 3.3% higher ADG and 2.7 and 3.7% better FCR than pullets fed the 4% straw-or 4% SBP-containing diets. From hatching to 5 wk of age, however, the inclusion of 2 or 4% of the fiber sources at the expense (wt:wt) of the whole diet did not affect ADG or FCR. Guzmán et al. (2015) reported that pullets fed diets containing 2% straw or SBP from hatching to 5 wk of age, had 3.7% greater ADG in both cases than pullets fed the control diet, consistent with the results reported herein. González-Alvarado et al. (2010) reported that FCR improved with the inclusion of 3% SBP in the diet in broilers from 1 to 10 d of age but not from 10 to 42 d of age. The maximal growth of all organs and segments of the GIT in broilers is reached before d 9 post-hatching (González-Alvarado et al., 2008) . Consequently, during the first stages of life, dietary fiber might stimulate the development of the upper part of the GIT, benefiting bird performance. Sugar beet pulp, however, is rich in pectins, a fiber fraction with a high WHC and SWC, that increases the bulk and the viscosity of the digesta (Bach Knudsen, 2001 ), reduces the rate of digesta passage along the distal part of the GIT, and decreases feed intake in older broilers (Jiménez-Moreno et al., 2009a; González-Alvarado et al., 2010) . The authors, however, have not found any published research on the effects of the inclusion of additional fiber in the diet on performance of pullets for the entire rearing phase.
Poultry eat to satisfy their energy requirements, and therefore, EI should be similar for all diets, irrespective of their fiber content. In this respect, Leeson et al. (1996) reported that broilers from 0 to 49 d of age adapted feed intake to maintain EI, when the diet was diluted with up to 3.75% OH. The influence of additional fiber on EI, ECR, and FCR, however, is a subject of debate. In the current research, ADFI from 0 to 17 wk of age increased as the level of fiber in the diet increased, although the differences were not significant. However, pullets fed the control diet had 2.5 and 2.7% higher EI than pullets fed the 4% SBP-or strawcontaining diet, respectively. The results indicate that from 0 to 17 wk of age, pullets were not able to consume enough feed to regulate precisely EI to meet their needs, and that ADG and FCR were lower when fed 4% straw or SBP. Jiménez-Moreno et al. (2015) reported also 5.0 and 4.4% higher EI in broilers when fed a control diet with only 3.6% NDF than when fed diets with 5.0% OH or SFH that contained 7.1 and 7.2% NDF, respectively. Additional fiber increases the bulk of the feed and satiates faster bird appetite, which in turn might result in pullets unable to regulate EI. Consequently, Table 9 . Influence of source (SOU) and level (LEV) of fiber in the diet on the absolute full organ weight (g) and digesta content (expressed as% to full organ weight) of the proventriculus and the gizzard and pH of the gizzard. unless nutrient digestibility is improved, FCR might be reduced when extra amounts of fiber are included in the diet. In this respect, González-Alvarado et al. (2010) reported 6.3 and 3.8% better FCR in broilers from 1 to 42 d of age when fed 3% OH or SBP than when fed the control diet. In the current research, the level of NDF of the control diet was higher than that used in most experiments conducted with broilers. For example, the basal broiler diet used by González-Alvarado et al. (2010) contained 5.3% NDF in the starter period (1 to 25 d of age) and 5.7% NDF in the finisher period (26 to 42 d of age) whereas in the current research, the control pullet diet had 9.4% NDF in the starter period and 14.3% NDF in the finisher period. We hypothesize that the beneficial effects of including additional fiber in the diet could be more evident in broilers than in pullets because of the lower NDF level of their diets and their higher appetite and rate of growth. Consequently, less effect of additional fiber on pullet growth should be expected in the current research because the need for fiber of the birds was already satisfied when fed the control diet (Mateos et al., 2012) . From hatching to 17 wk of age, ADG was better for pullets fed straw than for pullets fed SBP. Guzmán et al. (2015) observed that from 0 to 5 wk of age, pullets fed 2 and 4% SFH, an insoluble fiber source, had as an average 2.8% greater ADG than pullets fed 2 and 4% SBP, a soluble fiber source, in agreement with the results reported herein. In broilers from 1 to 42 d of age, González-Alvarado et al. (2010) reported also 6.7% greater ADG when fed a diet with 3% OH than when fed a diet with 3% SBP. The differences in ADG and also in ECR observed at 17 wk of age between birds fed straw and birds fed SBP might be related to the distinct physicochemical properties of these 2 fiber sources. Acid detergent fiber and lignin contents are higher for the straw than for the SBP and therefore, straw particles will be more resistant to grinding and will be retained for longer in the gizzard than SBP particles. As a result, the gizzard will be heavier and the pH of the digesta lower with straw than with SBP (Bach Knudsen, 2001; Jiménez-Moreno et al., 2013b) . On the other hand, WHC and SWC are higher in SBP than in straw because of differences in pectin content (Bach Knudsen, 2014) . Also, the soluble fraction of SBP might encapsulate part of the phospholipids and bile acids present in the digesta (Story and Kritchersky, 1982) reducing fat digestibility (Forman and Schneeman, 1980) . Moreover, the fiber fraction of the diet modifies the environmental conditions within the GIT, which in turn might interfere with the digestion and absorption processes and affect the growth and profile of the existing microbiota (Kalmendal et al., 2011; Mateos et al., 2012; Bach Knudsen, 2014 ). Consequently, type and level of fiber might affect in different ways GIT environment, nutrient digestibility, and pullet growth.
The available information suggests that the inclusion of moderate amounts of fiber in commercial diets for pullets had little effect on growth during the first period of life but that negative effects might occur as the bird ages, especially when a high level of a soluble fiber source, such as SBP, is used. In this respect, no recommendations on the level and type of fiber of diets for pullets are available from the National Table 10 . Influence of source (SOU) and level (LEV) of fiber source in the diet on the relative length (cm/kg BW 1 ) of the organs of the gastrointestinal tract, pullets 2 , and the length and diameter 3 of the tarsus. Standard deviation (n = 10 for each treatment and n = 20 for main effects). 6 The interaction between source and level of fiber inclusion was not significant (P > 0.05).
Research Council (1994) or from the main companies involved in genetic development of laying hens (e.g., Lohmann, 2013; Hy-Line International, 2015) . However, Fundación Española Desarrollo Nutrición Animal (2008) recommends a minimum of CF of 3% in starter (0 to 5 wk) and 4% in finisher (10 to 17 wk) diets for pullets, values that are consistent with the results of the current research.
Gastrointestinal Tract Traits and Body Measurements
The relative weight of the full GIT, proventriculus, and gizzard, and of the liver, and the relative length of the different segments of the SI, decreased with age, results that agree with data of Ravindran et al. (2006) , Gracia et al. (2009), and Jiménez-Moreno et al. (2010) and are consistent with the allometric growth rate of these organs and tissues in the chicken (Zuidhof, 2005) .
The gizzard was heavier at all ages in pullets fed the 4% fiber-containing diets than in pullets fed the control diet. In fact, the differences were significant at 10 wk, an age at which the gizzard was 10.4 and 8.5% heavier in pullets fed 4% straw or 4% SBP than in pullets fed the control diet. Moreover, gizzard weight increased when the fiber level was increased from 2 to 4%, with differences being significant at 5 and 10 wk of age. González-Alvarado et al. (2007) suggested that the fiber fraction of the diet is retained for longer in the gizzard. An increase in retention time leads to an increase in size of the muscular walls and of this organ (Jiménez-Moreno et al., 2009a) . In this respect, González-Alvarado et al. (2010) reported 45 and 31% heavier gizzards in 42-dayold broilers fed 3% OH or 3% SBP than in broilers fed the control diet. Similarly, Hetland et al. (2003) observed that the gizzard was 21% heavier in 33-day-old broilers fed 10% OH than in broilers fed the control diet. All this information suggests that insoluble fiber impacts more GIT development in broilers than in pullets, a phenomenon that might be related to the lower fiber content of the broiler diets but also to differences in feed intake and rate of feed passage between the 2 chicken lines.
In the current research, the relative weight of the GIT was greater in pullets fed SBP than in pullets fed straw, although the differences were significant only at 10 wk of age. These differences in relative weight of the GIT might be related to the distinct physicochemical characteristics of the fiber sources used. Jiménez-Moreno et al. (2013b) reported also heavier GIT in broilers fed SBP than in broilers fed OH. Similarly, Jørgensen et al. (1996) observed heavier GIT in broilers fed pea hulls, a high pectin fiber source, than in broilers fed oat bran, a more insoluble fiber source.
The relative weight of the gizzard was similar for pullets fed straw than for pullets fed SBP. In contrast, Jiménez-Moreno et al. (2013b) observed heavier gizzards in broilers fed OH than in broilers fed SBP. The lower BW of pullets fed SBP than of pullets fed straw might have distorted the results when comparing data based on relative rather than on absolute weights. In this respect, in absolute terms, the gizzard was heavier in pullets fed straw than in pullets fed SBP at all ages, with differences being significant at 5 and 10 wk of age. Consequently, the data on the effects of fiber source on GIT development might be taken with caution. The digesta content of the gizzard was not affected by fiber inclusion at any age and therefore, the higher gizzard weight in pullets fed straw than in pullets fed SBP might be due to a greater development of the muscular layer of this organ, a consequence of the different physicochemical properties of the 2 fiber sources.
At 10 wk of age, the inclusion of 4% straw reduced gizzard pH by 17.3% as compared with that of pullets fed the control diet. Jiménez-Moreno et al. (2010) reported also a 19.7% reduction in gizzard pH in 21-dayold broilers with the inclusion of 3% OH in the diet. Insoluble fiber sources, such as straw or OH, are retained for longer in the gizzard, leading to a higher HCl production (Duke, 1986; Hetland et al., 2005; Jiménez-Moreno et al., 2013b) . A low pH in the gizzard increases pepsin activity, mineral salts solubility, and nutrient digestibility (Rogel et al., 1987; Gabriel et al., 2003; Jiménez-Moreno et al. 2009c) , effects that might favor bird performance.
The relative length of the SI was higher in pullets fed SBP than in pullets fed straw, with differences being significant at 10 wk of age, in agreement with data of Jiménez-Moreno et al. (2013a) who reported longer relative length of the SI in broilers fed SBP than in broilers fed OH. However, when the length values were compared in absolute terms, no differences were detected.
The relative length of the body and tarsus of the pullets were higher in pullets fed SBP than in pullets fed straw with differences being significant at 5 and 10 wk of age. The authors have not found in the literature any research on the effects of type of fiber on these traits to compare with the results reported herein. An increase in body and tarsus length suggests a better bone development (Cleasby et al., 2011) of the pullet which might be of benefit for future egg production (Senar and Pascual, 1997; Mendes et al., 2008) . Opposite to these findings, the absolute length of the body and tarsus were higher for pullets fed straw than for pullets fed SBP. Consequently, data on the effects of fiber inclusion in the diet on the relative length of the SI, body, and tarsus must be taken with caution.
In summary, the inclusion (wt:wt) of fiber in the diet did not affect pullet development from 0 to 5 wk of age. The inclusion of 2% straw, at the expense of the whole diet, might benefit the development of the GIT of the pullets without any adverse effect on growth performance. Sugar beet pulp inclusion, however, reduced pullet performance after 5 wk of age. Therefore, up to 10% NDF (equivalent to 3.5% CF in the current research) from 0 to 5 wk and up to 15% NDF (4.5% CF) from 10 to 17 wk of age can be included in pullet diets, provided that insoluble fiber sources are used.
